, isolated from the hydrothermal sediments of Manus Basin.
Strains T and Ma50-6 T were isolated from the hydrothermal sediments (depth of 1851 m, 151.68 E 3.73 N) collected at Manus Basin of the western Pacific Ocean. The samples were obtained by a remotely operated vehicle on the KEXUE vessel during a cruise in June 2015. For bacterial isolation, 1.0 g of the sediment sample was suspended with 3 mm sterile seawater, and a 100 µl suspension was spread on marine agar (MA) (Haibo) plates. The compisition of MA was as follows (l
À1
): peptone, 5.0 g; yeast extract, 1.0 g; Fe(III) citrate, 0.1 g; NaCl, 19.45 g; MgCl 2 , 5.98 g; Na 2 SO 4 , 3.24 g; CaCl 2 , 1.8 g; KCl, 0.55 g; Na 2 CO 3 , 0.16 g; KBr, 0.08 g; SrCl 2 , 0.034 g; H 3 BO 3 , 0.022 g; Na 2 SiO 3 , 0.004 g; NaF, 0.0024 g; (NH 4 )NO 3 , 0.0016 g; Na 2 HPO 4 , 0.008 g; agar 15 .0 g. After incubation for 3 days at 50 C under aerobic conditions, strains T and Ma50-6 T were selected, and pure cultures were obtained after three successive transfers to fresh medium. The strains were stored at À80 C in liquid medium supplemented with 15 % (v/v) glycerol. For 16S rRNA gene sequencing, the genomic DNA of the strains was extracted using a Tiangen DNA kit. The 16S rRNA gene was amplified by PCR using the universal primers B27F (5¢-AGAGTTTGATCCTGGCTCA-3¢) and B1492R (5¢-GGTTACCTTGTTACGACTT-3¢). The PCR product was sequenced by Sangon (Beijing, China). The nearly complete 16S rRNA gene sequences (1406 and 1426 bp, respectively) of strains T and Ma50-6 T were submitted to GenBank. Analysis of the 16S rRNA gene sequences was performed using the EzTaxon-e server (https://www.ezbiocloud.net/; [13] ) and the NCBI BLAST tool (https://blast.ncbi. nlm.nih.gov/Blast.cgi). Phylogenetic trees were reconstructed using MEGA 6.0 [14] . The maximum-likelihood tree was reconstructed using nearest-neighbour interchange heuristic methods, the Kimura two-parameter model, uniform rates and complete deletion options. The neighbour-joining tree was reconstructed using the Kimura two-parameter model, transitions+transversions, uniform rates and complete deletion options. The minimum-evolution tree was reconstructed using uniform rates and complete deletion options. The robustness of the phylogenetic trees was confirmed by bootstrap analysis based on 1000 replications.
Characteristics of strains were examined using routine cultivation methods at 45 C for strain Ma50-5 T and at 50 C for strain T (except where indicated otherwise). The type strain B. alveayuensis JCM 12523
T was obtained from the Japan Collection of Micro-organisms (JCM, Ibaraki, Japan) as a reference for biochemical tests and fatty acid analysis. Cell morphology was examined with a transmission electron microscope (JEM-1200; JEOL) using cells of strains T and Ma50-6 T cultured at the optimal temperatures for 24 h on MA and negatively stained with 1 % (w/v) phosphotungstic acid. Gram staining was performed using a Gram-staining kit (Haibo), and spore characteristics were observed by light microscopy after malachite green staining. Motility was investigated as described by Bowman [15] . In order to determine the temperature range for growth, cells were grown in marine broth (Haibo) at 28, 37, 40, 45, 50, 55, 60, 65, 70 and 75 C for 72 h. The composition of marine broth medium is the same as that of MA but without agar. Growth at various NaCl concentrations (0-15 %, at intervals of 1.0 %) was determined at the optimal temperature of each strain in marine broth medium that lacked NaCl, and NaCl was added as a supplement at various concentrations. The pH range for growth was determined from pH 4.0 to 11.0 (at intervals of 1.0 pH unit) in marine broth using the buffer system described by Xu et al. [16] . To test anaerobic growth, strains Ma50-5
T and 50-6 T were cultured on MA and anaerobic agar as recommended by Logan et al. [17] . The anaerobic agar contained the following components (l À1 ): trypticase, 20 g; glucose, 10 g; NaCl, 5 g; sodium thioglycolate, 2 g; sodium formaldehydesulfoxylate, 1 g; agar, 15 g. The plates were incubated at 45 C for strain Ma50-5 T and at 50 C for strain Ma50-6 T in an anaerobic incubator YQX (Yuejin) filled with nitrogen (85 %), hydrogen (10 %) and carbon dioxide (5 %). Oxidase reagent (Haibo) was used for testing oxidase activity; catalase activity was determined by bubble formation in a 3 % (v/v) H 2 O 2 solution. Production of indole, hydrolysis of aesculin and p-nitrophenyl-b-D-galactopyranoside (pNPG), and the assimilation of carbon sources were tested with the API 20NE system (bioM erieux) as recommended by the manufacturer. Nitrate reductase, urease and gelatinase activities were also determined using the API 20NE system. Production of other enzymes was assessed using the API ZYM system (bioM erieux). Acid production from different carbohydrates was investigated using the API 50CH system (bioM erieux). All API tests were performed in triplicate. Hydrolysis of starch, casein and Tweens 20, 40, 60 and 80 was examined on MA plates with the corresponding substrates. Susceptibility to antibiotics was tested on MA plates using antibiotic discs (Binhe) as follows (µg per disc unless otherwise stated): penicillin (10) (1) and clindamycin (2) . For DNA-DNA hybridization (DDH) analysis, bacterial DNA was extracted using the cetyltrimethylammonium bromide method [18] . The DNA was diluted to 50 µg ml
, and DDH was performed as reported previously by de Ley et al. [19] , Huss et al. [20] and Marmur [21] . The DNA hybridization values (percentages) were calculated using the equation described by De Ley et al. [19] . Genomic DNA G+C content was determined by reversed-phase HPLC with a ZORBAX Eclipse XDB-C18 (250Â4.6 mm) column (Agilent 1200). A mixture of equal amounts of four kinds of deoxyribotides was first examined and used as a standard. The nucleotides were eluted at 30 C with a mixture of 0.02 M buffer solution (Na 2 HPO 4 and KH 2 PO 4 , pH 5.7) and methanol (9 : 1, v/v), with a flow rate of 1 ml min
, and detected by UV absorbance at 254 nm. For analysis of fatty acid methyl esters (FAMEs), bacteria were grown on MA at 50 C for 72 h and then harvested. Data for FAME were analysed as reported previously by Sasser [22] . Polar lipids were extracted and examined using two-dimensional TLC and identified by standard procedures [23] . Quinones were analysed according to the method of Minnikin et al. [23] .
Pairwise similarity analysis of 16S rRNA gene sequences indicated that strains Ma50-5
T and Ma50-6 T showed highest 16S rRNA gene sequence similarities to Bacillus aeolius 4-1 T (97.3 and 99.6 %, respectively). However, B. aeolius is on the list of 'rejected specific and subspecific epithets in names of species and subspecies of bacteria' [24] . Therefore, the closest relatives of strain Ma50-5 T T and B. alveayuensis JCM 12523 T were 51.8±4.0, 20.0±0.8 and 39.8±2.7 %, respectively, which are below the threshold of 70 % that has been suggested for bacterial species delineation [25] . The G+C contents of the genomic DNA of strains Ma50-5
T and Ma50-6 T were 43.4 and 47.6 mol%, respectively, which were higher than those of the most closely related reference species from the genus Bacillus (Table 1 ).
All the morphological, cultural, physiological and biochemical characteristics of strains Ma50-5
T and Ma50-6 T are shown in Table 1 and Fig. S1 (available in the online version of this article). The predominant isoprenoid quinone detected in strains Ma50-5
T and Ma50-6 T was menaquinone-7 (MK-7) (96.0 and 93.0 %, respectively), which was compatible with that of other close relatives. The minor quinones detected were unclassified quinones. The major fatty acids (>10 %) of strains Ma50-5
T and Ma50-6 T were iso-C 15 : 0 and iso-C 17 : 0 , similar to their closest phylogenetic relative ( Table 2 ). The minor fatty acid compositions of the two strains are shown in Table 2 . Although both strains Ma50-5
T and Ma50-6 T contained phosphatidylethanolamine (PE), the polar lipid profiles of these two strains were significantly different. Besides PE, strain Ma50-5 T contained phosphatidylcholine, a phospholipid, an aminolipid and five lipids; strain Ma50-6 T contained diphosphatidylglycerol, phosphatidylglycerol, a glycolipid and three aminolipids (Fig. S2 ).
In conclusion, strains Ma50-5
T and Ma50-6 T were placed phylogenetically in the clade of the genus Bacillus and formed distinct groups with other species of the genus Bacillus. The chemotaxonomic profiles of strains Ma50-5
T and Ma50-6 T were generally similar to the closely related members of the genus Bacillus. However, phenotypic characteristics, including temperature range for growth, hydrolysis of certain macromolecules, enzyme activities and susceptibility to antibiotics, distinguished strains Ma50-5 T and Ma50-6 T from other related species of the genus Bacillus. Therefore, strains Ma50-5
T and Ma50-6 T represent two novel species of the genus Bacillus, for which the names Bacillus kexueae sp. nov. and Bacillus manusensis sp. nov are proposed.
DESCRIPTION OF BACILLUS KEXUEAE SP. NOV.
Bacillus kexueae (ke.xu¢e.ae. N.L. gen. n. kexueae named after the research vessel 'KEXUE' described in this study).
Bacillus vietnamensis 15-1 T (AB099708)

Bacillus aquimaris TF-12 T (AF483625)
Bacillus marisflavi TF-11 T (AF483624)
Bacillus seohaeanensis BH724 T (AY667495)
Bacillus pakistanensis NCCP-168 T (AB618147)
Bacillus atrophaeus JCM 9070 T (AB021181)
Bacillus sonorensis NBRC 101234 T (AYTN01000016)
Bacillus paralicheniformis KJ-16 T (LBMN01000156)
Bacillus licheniformis ATCC 14580 T (AE017333)
Bacillus shackletonii LMG 18435 T (AJ250318)
Bacillus ginsengihumi Gsoil 114 T (AB245378)
Bacillus acidicola 105-2 T (AF547209)
Bacillus sporothermodurans M215 T (U49079)
Bacillus oleronius DSM 9356 T (X82492)
Falsibacillus pallidus CW 7 T (EU364818)
Bacillus methanolicus PB1 T (AFEU01000002)
Bacillus borbori DX-4 T (JX274440)
Bacillus smithii DSM 4216 T (Z26935)
Bacillus alveayuensis TM1 T (AY605232)
Bacillus kexueae Ma50-5 T (MF582327)
Bacillus manusensis Ma50-6 T (MF582328) Only bootstrap values (expressed as percentages of 1000 replications) greater than 50 % are shown at branching points. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and minimum-evolution algorithms. Bar, 0.005 substitutions per nucleotide position. Tween 20 , aesculin and gelatin; utilization of glucose and maltose; activity of catalase, esterase (C4), esterase lipase (C8), leucine arylamidase and chymotrypsin; productionof acid from glucose, maltose, sucrose and trehalose; susceptibility to penicillin, chloramphenicol, furazolidone, compound sulfamethoxazole, vancomycin, ciprofloxacin, ofloxacin, norfloxacin, midecamycin, erythromycin, minocycline, doxycycline, tetracycline, neomycin, kanamycin, gentamicin, amikacin, cefoperazone, ceftriaxone, cefuroxime, cefradine, cefamezin, cephalexin, piperacillin, carbenicillin, ampicillin, oxacillin and clindamycin. All strains are negative for the following: indole test; hydrolysis of Tween 40 and starch; activity of oxidase, nitrate reductase, arginine dihydrolase, lipase (C14), N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase and urease; utilization of capric acid; acid production from D-xylose, L-xylose, adonitol, mannose, sorbose, dulcitol, inositol, sorbitol, inulin, raffinose, rhamnose, xylitol and raffinose. 
Acid produced from: 
DESCRIPTION OF BACILLUS MANUSENSIS SP. NOV.
Bacillus manusensis (ma.nus.en¢sis N.L. masc. adj. manusensis pertaining to Manus Basin, at which the organism was initially isolated). maltose and potassium gluconate are utilized as carbon and energy sources; arabinose, mannose and capric acid are not utilized. Activities of catalase, esterase (C4), esterase lipase (C8), leucine arylamidase, chymotrypsin and a-glucosidase are present; activities of lipase (C14), valine arylamidase, a-galactosidase, b-galactosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase are absent. Susceptible to penicillin, chloramphenicol, furazolidone, compound sulfamethoxazole, polymyxin B, vancomycin, ciprofloxacin, ofloxacin, norfloxacin, midecamycin, erythromycin, minocycline, doxycycline, tetracycline, neomycin, kanamycin, gentamicin, amikacin, cefoperazone, ceftriaxone, ceftazidime, cefuroxime, cefradine, cefamezin, cephalexin, piperacillin, carbenicillin, ampicillin, oxacillin and clindamycin. Acid is produced from glucose, mannitol, maltose, sucrose, trehalose and glycogen. Acid is not produced from mannose, methyl b-D-xylopyranoside, methyl a-D-mannopyranoside, methyl a-D-glucopyranoside, N-acetylglucosamine, amygdalin, arbutin, aesculin, salicin, cellobiose, lactose, raffinose, lyxose, xylose, galactose, erythritol, dulcitol, inositol, sorbitol, D-arabitol and L-arabitol. The major menaquinone is MK-7. The major polar lipids contain phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, a glycolipid and three aminolipids. The major fatty acids (>10 % of the total fatty acids) contain iso-C 15 : 0 and iso-C 17 : 0 .
The type strain is Ma50-6 T (=KCTC 33882 T =CCTCC AB 2017019 T ) and was isolated from the hydrothermal sediments in Manus Basin. The genomic DNA G+C content of the type strain is 47.6 mol%.
